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Introduction
Female-run firms are found to be much less involved into exporting than male-run firms (Chiu 2018 , Froman 2018 .
1 This is surprising in so far as female-run firms are found to have very positive effects on the economy and society. Female-run businesses pay back loans more quickly and reliably than males (D'Espallier (2011); a 98 percent pay-back rate for female enterpreneurs is mentioned according to the WTO "Aid for Trade Global Review", 2017), female-owned firms hire more women in their companies (ITC, 2015; Ederington et al. 2009 ), and female firm owners are more educated than male firm owners (Canadian Trade Commissioner, 2016) . As females invest more into their children's education and health than men (about 90 percent as compared to about 40 percent by men, ITC, 2015) , a promotion of females into international trade and the additional income gained upon is regarded as one of the major tools to bring families out of poverty circles in the developing world (ITC, 2015) .
The issue that females are underrepresented in international trade is currently experiencing a high level of policy attention. The Buenos Aires Declaration on Trade and Women's Economic Empowerment (which was endorsed at the December 2017 WTO Ministerial Conference in Buenos Aires and signed by about 120 WTO members and observers) acknowledged that empowering female businesses and providing more inclusive trade policies will promote economic growth, sustainable development and reduce gender inequality and poverty. Several international institutions have fostered programmes to remove barriers to trade for women, to increase their economic empowerment and to help them participate in international trade. 2 The WTO's Aid for Trade initiative endeavours, for example, to support e-commerce, new digital technologies and services trade for women (WTO, 2017) . The National Trade Promotion Agency of Malaysia, for example, has launched the so called Women Exporters Development Programme (WEDP). The programme provides three years of support for female-owned and -led companies. The support consists of financial support for visiting international trade fairs, participation in seminars and workshops, business coaching, skill enhancement training, networking, mentoring and leadership and entrepreneurial development, see http://www.matrade.gov.my/en/malaysiaexporters-section/224-etrade-programme-supporting-document .
on Sustainable Development among Goal No. 5 which aims to achieve gender equality and to empower all women and girls.
Based on Official German Statistics, I construct a new, unique tailor-made and rich data set on manufacturing plants for Germany and analyse the exporter productivity premium for female-run businesses in the German economy. The advantage of the data is that they are based on the whole population of firms in the German economy, which differentiates these data from other firm data sets that are based on surveys (e.g. ZEW, IAB) or on sub-samples (e.g. Bundesbank microdata for foreign direct investments). 3 The data is of high quality and comprehensive as German Law mandates that all firms have to report to the Official Statistics.
I use the terminology of a female-run firm for my analyses to cover either female firm ownership or a majority share of female employees in a company (either more than 50 or 60 percent). The exporter productivity premium is defined as the difference in productivity between an exporter versus a non-exporter.
4
Germany is a highly industrialized and democratic country and is one of the major exporting nations in the world. Yet, a glass ceiling, which is defined as a gender gap in getting access to management and top job positions and to the same wage is highly persistent in the economy.
According to recent figures, the gender wage gap amounts to about 21 percent in Germany.
5
In 2014, Germany endorsed a law to increase the share of females in executive positions or boardrooms in big enterprises to at least 30 percent by 2016 (Frauenquote or women's quota).
Whereas research about how that share of female leaders or the share of female employees in a company is attributing to firms' success is increasing over the past years, there is up-to-date no 3 The register of firms comprises all firms, especially all manufacturing firms, which are considered for the present analysis. Excepted are only those firms from sectors A, O, T and U according to ISIC rev. 4, which are the sectors of agriculture, forestry and fishing, public administration and defense and other services. 4 Henceforth, female/ male exporter is used as an abbreviation for an exporting female-run / male-run firm. 5 See https : //ec.europa.eu/eurostat/statistics − explained/index.php/Gender − pay − gap − statistics . This figure represents the 2017 unadjusted gender pay gap, that is the difference between average gross hourly earnings between male and female employees as percentage of gross hourly earnings of males. It is computed from enterprises that employ 10 or more employees.
study that investigates the role of German female-run firms in productivity and international trade performance. 6 7 The present paper is intended to fill this gap.
The intuition and underlying mechanism for my analysis is the following. Female-run firms might face a higher degree of discrimination when it comes to establishing trade. Females might not be taken seriously by potential other traders. They might be viewed as being less committing to work, following the argumentation by Boler, Javorcik, Ulltveit-Moe (2018). They might face barriers to trade that range from institutional to financial and social factors, which I will describe in more detail in the following. As such traders (importers) might discriminate against women and thus female run firms will exhibit a higher gender exporter-productivity premium than male run firms. In particular, discrimination of female-run firm exporters may depend on the importer's cultural background. Female-run firms might face difficulties when in the importer's country female leadership or business activity is rare or frowned upon.
8
My results show that female-run firms in Germany, measured either by female firm ownership, or by the percentage of female employment in a firm being either higher than 50 or 60 percent, bear a higher exporter-productivity premium than male-run firms. This points to difficulties that female-run firms face when they try to export. I find strong evidence for female-owned firms as well as for those firms that have a majority share of female employees in their company to be less likely to export. While controlling for firm characteristics including firm productivity and 6 Bertrand et al. (2019) find that the introduction of the 40 percent quota for women in corporate boards of public limited liability companies in Norway reduced the gender wage gap within boards, however they do not find an impact on other females. They further find that qualifications of women appointed to the boards were higher after the reform. Pletzer et al. (2015) find small and non-significant effects of female representation in corporate boards on financial firm performance in their meta-analysis which is based on 20 different studies' coefficients and results, however they point out that there might be several limitations of their meta-study. 7 A range of studies examined how promotions of females or perception of females in leading positions relate to discrimination and how discriminating beliefs can be reduced. It is found that female promotion increases when more women are in senior positions in a company but not when there are more females at the same rank (Kunze and Miller, 2017) . The authors explain that female bosses might enable lower-ranked females to get better mentors, role models and networks. Among peers, however, greater competition might prevail regarding promotions or mentoring and support. Conducting experiments in military camps, the literature shows that when men lived and worked together with females in the camps, their attitude towards female squad leadership positively changed over time (Finseraas et al., 2016) . 8 In many countries legal and regulatory barriers exist which prevent women from work and asset ownership (ITC, 2015) . Permission of a male is required to register a business in some countries. Inheritance rights favor men over women, a report from the World Bank reveals that 33 out of 173 countries do not support equal inheritance rights between sons and daughters, 18 of these countries are from the MENA region (World Bank, 2015) . Having fewer assets and property rights, females will have more difficulties to access financial credits, aside from the dependence on male permission. The report further found that in 90 percent of the 173 analyzed countries at least one law existed that reduced female opportunities. In another report the World Bank reveals that in different regions of the world gender disparities in ownership and in control of assets, rigid social norms about gender roles, gender wage gaps, underrepresentation of females in top job positions as well as occupational segregation exist (World Bank, 2013) . In several places in the world women have fewer opportunities in education and suffer in particular from lack of infrastructure and water access.
further regional and industry-wide influences, this shows that the decision to export significantly depends on gender.
There are manifold barriers that female exporters will face. These barriers are an unequal access to finance and capital, unequal access to market information and networks, institutions and regulations that hinder women from using their assets, and cultural and social norms like the division of housework or caring responsibilities (ITC, 2015) . 9 These barriers do already hinder non-exporting female firm owners, however, they are even higher for exporters, as these businesses require even more capital, networks, skills and travel activities and time for work.
Discrimination barriers can be differentiated across supply-side and demand-side driven ones (Pande and Ford, 2011) . Demand-side discrimination can comprise the preference for male leaders and businessmen, lack of information about the skills and capabilities of females 10 , and restrictive business networks that exclude women or make it difficult for women to participate in business. On the supply-side, discrimination barriers comprise duties of child care and other household tasks for which women might interrupt career or work fewer hours, and fewer aspirations or preference for non-competitive environments due to fewer female role models or lack of information. Evidence from the literature (Pande and Ford, 2011) , especially from the literature on women's quota (Bertrand et al., 2019) , suggests that females want to act in high positions in companies, and they are very well-qualified: all the reserved places in boards were filled with women, and their qualifications were higher than before the female quota reform.
The rest of the paper is organized as follows. The next part reviews the previous literature.
Part 3 describes the data, the choice of variables and descriptive statistics. The fourth part deals with the empirical analysis, describes the methodology and reports the results. The last section concludes.
Review of the Literature
This section summarizes related research from the literature, on i. discrimination theory, ii.
evidence on firms, productivity and trade in Germany, iii. international trade and the exporter productivity premium, iv. gender studies and findings for wages and trade.
9 Previous literature found that difficulties and higher costs to attain external finance do negatively affect firms' productivity and innovation (Gorodnichenko and Schnitzer, 2013) . A survey of studies revealing evidence on credit constraints and exporting can be found in Wagner (2014) . 10 Lack of information about abilities of females in leading positions/ at work might lead to judge females on assumed average performance. This judgement might be biased and underestimate females' performance, this is known as statistical discrimination.
2.1. Discrimination theory. According to the seminal discrimination model of Becker (1957) , competition should in the long-run drive out those firms from the market that discriminate (which could involve fewer employment of minorities, females, other races, etc.). Discrimination is costly, when taking into account that males are paid more than women. Firms will loose profits for either paying or forfeiting income for their act of discrimination. In the end only the most profitable firms, which are those that are less discriminating, will survive.
Ederington et al. (2009) wage differential in the beginning and wages for women are lower than those for men. Firms that discriminate more -who hire less women -will thus bear a higher marginal cost of production and will be less profitable. Using the Colombian data, the authors find that firms that employ a higher share of women are those that engage more into exporting. More competition induces firms to hire more women. However, they do not find evidence for trade liberalization to drive firms out of the market. Juhn et al. (2013 Juhn et al. ( , 2014 find that exporting firms upgrade their technology due to trade liberalization which improves the productivity of women in blue-collar occupations. These firms pay those women higher wages which reduces the gender wage gap, moreover it increases their employment. They find empirical support for these results using plant-level data for Mexico.
Contrasting evidence is found by Saure and Zoabi (2014) . They construct a model where trade integration induces a widening of the gender wage gap and a reduction of female labor participation. Female and male labor are considered to be imperfect substitutes and two distinct factors of production. Female labor and capital are assumed to be in a stronger complementary relation than male labor and capital. The country is assumed to be capital-abundant. If trade integration occurs, the sector that uses more female labor expands and the sector that uses more male labor contracts. Male workers migrate to the female sector, which reduces the capital labor ratio and drops the marginal productivity of women by more than the marginal productivity of men. They find supporting empirical evidence for their model using US population survey data and bilateral trade data for the US and Mexico.
2.2. Firms and productivity in Germany. Almost 30 years after German reunification differences in firm performance still exist between the West and East of Germany (Wagner, 2012 (Wagner, , 2018 . Although the East experienced a considerable catch-up in living standards over time, labor productivity is still significantly lagging behind in the East as compared to the West (Burda, 2006 (Burda, , 2008 Burda and Severgnini 2018; Burda and Hunt 2001) . Burda and Severgnini (2018) conduct regional TFP regressions across the German federal states and show that the labor productivity gap can be explained by a persistent TFP gap in East Germany and by low concentration of managers, low start-up intensity and a fewer number of large firms. Burda and Hunt (2001) find that the East-West productivity gap remains constant across skill-levels. They argue that factors other than skills explain the persistent gap and point for example to the relevance of further infrastructure investment in East Germany. Moreover, the authors find that better educated migrate from the East to the West of Germany which might explain a TFP reduction in the East. This is further investigated by Burda (2006 Burda ( , 2008 in a model that captures opposite directions of factor movement for capital and labor and which is backed by the fact that after reunification East Germany became subject to a massive inflow of capital, however it also became subject to an outflow of employment after reunification.
In numerous studies Wagner used firm-level data from the Official German Statistics and merged the Official German Trade Statistics to these data. His studies show that firms in East
Germany are smaller in size, export less and have a lower human capital rate defined as wages per employee (e.g. .
With data for more than 160 million export and import transactions over the years from 2009 to 2012, Wagner (2018) shows that in the Germany economy larger, older and foreign owned firms, and firms that have a higher labor productivity as well as research and development and human capital intensity are the firms that are active in a larger number of foreign markets. Most of the firms are active on a few markets, only, but firms that are active on many markets are responsible for a higher share of foreign trade.
In numerous further studies Wagner shows that the extensive margins of trade are positively associated with labor productivity in the German economy (e.g. Wagner, 2012).
Exporting and productivity.
There exists a wide range of studies on the relationship between firm productivity and trade. An overview of studies can be found for example in Wagner (2016 b) . Empirical evidence on the relationship between trade and productivity has been established by the seminal papers by Jensen (1995, 1999) , and was followed up by the theory on heterogenous firms in international trade by Melitz (2003) . According to these studies only the most productive firms will decide to export as those are the firms that are able to cover the fixed costs of production. This relation is investigated as selection into exporting in the trade literature. Another link is that firms once they export might show a better performance in terms of productivity or firm survival. This effect is known as learning from exporting. Whereas the previous literature has found ample evidence for selection into exporting (Clerides et al. 1998, van 2.4. Gender, wages and exports. A large body of literature investigates the gender wage gap (see e.g. Goldin, 2014 , and for an overview and discussion Blau and Kahn, 2017) . Here I focuss on explanations for the relation between international trade, gender, wages and productivity. Boler et al. (2018) investigate the gender wage gap in Norwegian manufacturing exporting firms using a matched employer-employee data set. They exploit the mechanism that an exposure in competition faced by exporting firms induces them to require more commitment to work from their employees. However, when females are observed as being less committing to work, the gender wage gap increases. The authors find a widening of the gender wage gap when college educated females are employed in an exporting firm. Exploiting a policy variable that captures fathers' parental leave they show that the gender wage gap between exporters and non-exporters is narrowing. The authors explain that when additional child care is available, women are perceived to commit more to work. Black and Brainerd (2002) , however, find evidence that the wages gap decreases more rapidly due to a trade shock in those industries that were more concentrated rather than competitive in the beginning. They use population survey and census data for the United States to analyze the impact of a change in the import share on the gender wage gap across industries and metropolitan areas.
The closest work to this paper is Davies and Mazikheyev (2015) . They conduct a crosssectional analysis using data from the World Enterprise Survey to investigate the gender exporter productivity premium for a sample of developing countries. They find a negative female exporter productivity premium, while I find a positive one. The authors interpret their results as pointing to women having problems in learning from exporting rather than less trade barriers to be present for female exporters. However, in one regression they find a positive effect for the case of large firms when interacting the variables of exporting and female firm ownership with export costs (which they measure at the country-and not at the firm-level) and interpret this as pointing to barriers to trade and discrimination that female exporters face. One limitation of their study is that they do not directly test for selection into exporting and learning from exporting. In the following I analyze the exporter productivity premium of female-run firms in the German economy.
Data
For the analysis I constructed a new data set based on data from the German Federal Sta- years after application for the data that I got some first access to the data. Additional time is passing by for having the Statistical Office run the author's programmes on the original data on the Office's computer and for checks of confidentiality of results.
the German economy at the plant level. Each plant has a unique plant-level identifier and its affiliation to an enterprise can be traced back by a given enterprise-level identifier. A plant is defined as the local production unit. An enterprise is defined as the judicial entity and one or more plants are assigned to a judicial entity. The terminology 'firm' is used as a broad conceptwhich is commonly used in the literature as well -that encompasses plants and/ or enterprises.
For the analyses, I took data for the manufacturing sectors, only.
13 Due to data availability at the plant-level, I run estimations for the cross-section of the year 2014. The final data set consists of all manufacturing plants in Germany that have at least 20 employees. This cut-off is given by the AFiD data. Subsequently, effects were also estimated separately for the subsets of small and medium-sized plants and large plants. Large plants are characterized as having more than 250 employees and more than 50 billions euros of sales value. Firms other than that are defined as small and medium-sized plants.
For the analysis I use information on the status of a female firm owner of the enterprise that the plant belongs to, which is modelled by a dummy variable that equals 1 if there is at least one female firm owner and zero otherwise. In the following this will be referred to as female firm ownership. The information is extracted from the AFiD data on manufacturing enterprises.
Given that female firm ownership does not necessarily represent the operation of business by females, I approximate the female management and operation of a firm by the share of female employees being bigger than 50 and 60 percent, using the number of female employees in the total number of employees. This information does also come from the AFiD data on manufacturing enterprises. The idea for this proxy comes from the previous literature that found that femalemanaged and -owned firms employ a higher share of females than male-managed and -owned ones (ITC, 2015; Ederington et al. 2009 ).
14 I use further explanatory factors at the plant-level that played a role in the previous literature on trade and productivity. I control for the export status by a dummy variable that is 1 when the plant exports and zero otherwise (this is also a measure for the extensive margin of trade 13 The sectors comprise the manufacturing industries according to the German industry classification WZ 2008, sectors 1000 to 3300. This classification corresponds to the international ISIC rev 4 classification. 11.6 percent of the plants are from the sector of food production, 11.5 percent from the sector of fabricated metals production and 13.7 from the sector of machinery construction.
14 Ederington et al. (2009) find in their regression analyses that the hiring of female employees depends significantly and positively on the female share of managers and owners. The authors argue that this might reveal that female owners and managers have less taste for discriminating women. Data from the ITC for 20 developing countries show that in 40 percent of female-owned firms more than 50 percent of employees is female, whereas this is the case only in 22 percent of male-owned and -managed firms. About 53 percent, more than half of the male-owned and -managed firms employ only up to 20 percent female employees (ITC, 2015) .
that I use in one of the later subsections). I used a measure of the log of the share of exports in total sales to control for the intensive margin of trade. Further variables include firm size as measured by the log of the number of employees in a plant, the status to be a multi-product firm (dummy variable that equals 1 when more than one good is produced by the plant), the foreign ownership status (that is 1 when the plant is a subsidiary to a multinational enterprise which has its headquarter in a foreign country 15 , this data comes from the register of firms), the log of investment in intangible assets (licenses, patents, trade marks, concessions), the log of intermediate goods intensity (the value of intermediate goods is taken in relation to the number of employees), the capital depreciation to gain a measure of capital intensity which is logged (capital intensity is measured as the absolute amount of capital depreciation in relation to the number of employees; there are no measures for capital stock in the data available, and this approach has also been applied by Wagner (2016)), as well as 2-digit industry affiliation and regional federal state effects, and an East dummy variable (that is 1 when the plant is in East
Germany and zero if it is in West Germany). There are no variables for firm demography and age in the data sets available. Therefore, I used a measure to capture whether a plant is older than five years, that is based on whether the plant reported within 5 years or not in the register of firms. Productivity is measured as the log of plant-level labor productivity by dividing sales output by the number of employees. As no information on the capital stock is available in the mentioned firm data sets, a more detailed measure of total factor productivity could not be used for this analysis.
Insert Table 1 here. productive than male-owned firms. 68 percent of female-owned firms export whereas about 73 percent of male-owned firms export. A higher share of female-owned firms produce more than one product (65 versus 59 percent), female-owned firms are less foreign-owned, smaller in size, older and fewer are operating in East Germany than male-owned firms. These statistics for female-owned firms are broadly in line with those for the groups of firms that employ more than 50 percent of females or more than 60 percent of females, except for one important difference:
the share of firms that employ more than 50 or more than 60 percent females is higher in East Germany, about 23 versus 18 percent in West Germany.
Insert Table 2 here. Table 3 displays results from a non-parametric test for first order stochastic dominance of one distribution over another. With this test not only the differences in mean productivity but across groups for all moments of the distribution can be examined. The According to the Kolmogorov-Smirnov test the hypothesis that the two distributions between female and male exporters do not differ is rejected at the one percent significance level. Moreover, the results show that the productivity distribution of male-owned firm exporters is dominated by the productivity distribution of female-owned firm exporters, i.e. female exporters have a higher productivity. As these results do not cover a fully fledged regression analysis, one can only cautiously interpret these results pointing to female firm exporters either producing with higher productivity possibly due to higher trade costs or by learning more from exporting. A different picture emerges for the size of firms: the productivity distribution of male exporters is to the right of female exporters. Exporting female firms thus seem to be smaller firms.
Insert Table 3 here.
Empirical Results

Methodological Design.
To investigate the exporter-productivity premium across femaleand male-run firms in Germany, I estimated the following basic regression:
where i is the manufacturing plant, s the industry sector, j the regional state, Y is the log of labor productivity measured by sales output in relation to the number of employees, Female is a dummy that is equal to one when the firm is owned by a female or when the employment share of females in a firm is either bigger than 50 or bigger than 60 percent, exporter is a dummy that is equal to one when the plant is exporting, X is a vector of control variables (including the log of the number of employees capturing firm size, a dummy for foreign ownership status, a dummy for multi-product status, a dummy to capture whether the plant is older than 5 years, the log of investments in intangible assets, the log of intermediate goods intensity, the log of capital intensity, and interaction terms between East Germany, exporting and productivity), δ s are 2-digit industry fixed effects, γ j are regional fixed effects at the federal state level and ǫ is an idiosyncratic error term.
The exporter productivity premium for a male-run firm is β 3 and for a female-run firm it is β 2 + β 3 . If β 2 > 0, the exporter productivity gap is larger for female-run firms and according to the mechanism explained above this can be interpreted as female firms facing higher barriers to trade than male-run firms. An analysis of the impact of causation is provided in subsection 4.5. It has to be disentangled whether female-run firms have to be more productive to start exporting or whether they learn from exporting and thus have higher productivity. The results of my analyses show that a positive exporter productivity premium is present among German firms, and the gap becomes larger when the exporter is a female-owned firm or a firm in which the female employment share is larger than 50 or 60 percent. Moreover, the results point to selection into exporting being relevant whereas no significant effects are found in favor of learning from exporting.
4.2. Baseline Results. Table 4, Table 5 and Table 6 report the main results. In Table 4 , column 1 shows a basic estimation including only the export status, female-ownership status and the interaction term between female firm ownership and exporting. The results reveal a strongly significant and positive exporter productivity premium of male exporters being 33 percent more productive than male non-exporters. The exporter productivity premium of a female-owned firm is almost twice as large, namely 57 percent. 16 The inclusion of industry and regional fixed effects sorts out influences of different gender patterns across industries and regions.
Insert Table 4 here.
Further controls are added to the regression and results are shown in columns 2 and 3. When including firm size, multi-product status, foreign ownership status and information for whether the plant is older than 5 years, the female exporter productivity premium roughly stays the same, at 0.2784. When adding further controls on intermediate inputs and capital intensity -which are important to properly estimate a production function -and intangible assets investments, the coefficient becomes lower, it is 0.1277. The results show that firms that are larger, foreign-owned, multi-product firms and have more intangible assets are more productive.
I further investigated whether running a business in East Germany bears more costs that female exporting firms will have to bear. For that purpose I added interaction terms between the East dummy and exporting, the East dummy and female ownership status as well as a triple interaction term between exporting, female firm ownership and the East dummy. If additional barriers and costs were present for female exporters when they are operating in East Germany, then one would expect the triple interaction term to be positive. The coefficient on the interaction term of female owner, exporter and East Germany is positive, as expected, however it is not significant.
Insert Table 5 here.
In Table 5 results are shown for the female employee share as a regressor, to proxy for female management of the firm. The exporter productivity premium in firms that employ less than 50 percent men is lower than in the case of male firm ownership, it is about 21 percent as shown in column 1. Firms with a female employee share bigger than 50 percent have an exporter productivity premium of about 65 percent. This effect is more than twice as high as in the 16 This results from computing 0.33 + 0.24 = 0.57 and multiplying this term by 100.
case of female firm ownership. These results are still valid when introducing further explanatory factors to the regression equation, though the premium becomes lower in absolute terms.
Insert Table 6 here. Table 6 displays results when the female employee share is exceeding 60 percent. The exporter productivity premium is lower than for the case when the female employee share was larger than 50 percent. The estimate is positive and significant and female-run firms have an exporter productivity premium of at least 34 percent, which is somewhat less than twice the premium for male-run firms.
4.3. Firm Size. Table 7 presents results from an estimation differentiated by firm size. The sample is split between large plants that have more than 250 employees and a sales value of more than 50 billion euros, and the remainder of small and medium-sized plants.
In column 1 and 2 it is shown that the female exporter productivity premium is positive but insignificant for big plants. Female-owned firms are not significantly less productive than male-owned firms, which is different from previous baseline results. The exporter premium is positive and significant.
In column 3 and 4 it is shown that the female exporter productivity premium is positive and significant for small and medium-sized plants. The premium is about 34 percent. Moreover, female-owned firms are significantly less productive and the exporter premium is positively significant.
Summarizing, the results show that the exporter productivity premium for female firm owners is significant and positive in small and medium-sized plants. Female firm owners require a higher productivity premium to find it profitable to export in order to cover additional costs and discrimination.
Insert Table 7 here.
Extensive and Intensive Margins of Trade.
In a next step the extensive and intensive margins of trade were investigated. For the extensive margin an export dummy (1 if it is an exporting plant) was used as the dependent variable. A logit regression is applied to investigate whether a plant exports or not depending on productivity, gender and further factors. The results from the regressions are shown in Table 8 . The premium for female-owned firms that are more productive is significant and positive. This is the case for female firm ownership, as well as for the female employee share of a firm being higher than 50 and 60 percent. Moreover, the results show that larger, older, more productive, multi-product-, foreign-owned firms and firms that have more intangible assets are more likely to export. Apparently, producing in East Germany is fostering trade for firms with employment shares of females bigger than 50 or 60 percent, but it is negatively impacting the export decision according to the female ownership status in East Germany.
Most importantly, the results reveal that female-owned firms and firms that have female employee shares larger than 50 or 60 percent are less likely to export. Given that influential firm characteristics as well as industry and regional effects are controlled for in the regressions for the export decision, the results show that it is female ownership or the majority share of female employees that significantly and strongly reduce the decision to export. This remains true even after controlling for the productivity of manufacturing plants.
Insert Table 8 here.
For regressions at the intensive margin the log of the export share was used as dependent variable. A Tobit estimator was taken and the same set of explanatory variables was included as for the extensive margin regressions. The results are shown in Table 9 . The coefficient of the interaction term of female and productivity is positive, however not significant in the case of a female employee share higher than 50 and 60 percent. This could be interpreted as traders decide whether to trade with female-run firms or not (that means the extensive margin is important only), and when they decided to do, how much they trade does not depend on the gender status of the firm. Furthermore, the results show that more productive, larger, foreign-owned firms and firms that have more intangible assets export a larger share of their sales. The coefficients for age of the plant and multi-product status are negative but not significant. Moreover, the effects for East Germany are non-significant.
Insert Table 9 here.
Selection into Exporting and Learning from Exporting.
To investigate the causal relationship between female exporting and firm productivity it is important to sort out whether firms that are more productive from the beginning sort into exporting (selection into exporting) or whether exporting is leading to an improvement of firm productivity (learning from exporting For testing for selection into exporting, the pre-entry differences in labor productivity for those plants that export and those that do not are investigated. 18 The idea behind this procedure is that if the more productive firms become exporters, differences in firm productivity and performance should be found already some years before those firms start to export. This comparison has been applied for example in Jensen (1995, 1999) or the International Study
Group on Exports and Productivity (2008) who find that several years before firms start to export firms are larger, more productive and pay higher wages. For my analyses, plants that did not export between the years t-2 and t-1 but did so in year t were selected (this is the export status variable Exp) and the difference in labor productivity in year t-2 between plants who exported in year t and those who did not is estimated. t is in this context the year 2014. The following regression is estimated:
where i is the plant, t the year, Y is the log of labor productivity, Exp is a dummy variable for export status (1 if a plant exports in year t, but not in years t-2 and t-1), Female is a dummy for firm ownership or the female employee share being bigger than 50 or 60 percent, X is a vector of control variables (including the log of employees to capture firm size, a dummy for multi-product status, the log of investments in intangible assets, the log of intermediate goods intensity and the log of capital intensity), γ are regional dummies at the federal state level, δ are 2-digit industry dummies and ǫ is an idiosyncratic error term.
Insert Table 10 here.
Results in Table 10 show that female firm ownership exerts a significantly negative effect on labor productivity for different models, and exporting exerts a significantly positive effect on labor productivity. The coefficient for the interaction term of female firm ownership and exporting is positive, however not significant at the conventional levels.
Insert Table 11 here.
In Table 11 results are shown for the female employee share being bigger than 50 percent. As can be seen a positive and significant effect can be found for the interaction term between the female employee share and exporting, which weakens in significance the more variables are entering the model.
Insert Table 12 here. Table 12 displays results for the female employee share being bigger than 60 percent. The exporter-productivity premia of female-run firms are positive. To summarize, the effects that support selection into exporting appear relevant for the female employee share, but not for female firm ownership. This indicates that only the most productive female-run firms sort into exporting, which points to barriers that those firms face and additional costs they have to cover, which only the most productive firms can afford to pay and thus can finally become exporters.
For tests of the learning from exporting hypothesis, plants that did not export in years t-2 and t-1 but in year t and in at least one other year in the year t+1 and t+2 are compared with plants that did not export in any year between t-2 and t+2. t in this context is the year 2012. The idea behind this comparison is that exporting fosters the post-entry productivity differences. The dependent variable is the difference in the growth of labor productivity over two years after starting to export. I estimate the following regression:
with i the plant, t the year, Y is the log of labor productivity, Exp is a dummy variable for export status (which is 1 if a plant did not export in years t-2 and t-1 but in t and in at least one other year in t+1 or t+2), Female is a dummy variable for female firm ownership or the female employee share being bigger than 50 or 60 percent, X is a vector of control variables (including the log of the number of employees capturing firm size, a dummy variable for multi-product status, the log of investments in intangible assets, the log of intermediate goods intensity, the log of capital intensity), γ are regional dummies at the federal state level, δ are 2-digit industry dummies and ǫ is an idiosyncratic error term.
Insert Table 13 here.
The results from Table 13 show that there is no relationship between the interaction term on female firm ownership and export status at the conventional significance levels. There is also no significant relationship resulting when the female employee shares bigger than 50 or 60 percent are considered. The results can be seen from Table 14 and Table 15 . Consequently, one may conclude that learning from exporting does not play a significant role. This finds support in the literature for example by studies from Jensen (1995, 1999) , Bernard and Wagner (1997) , and Clerides et al. (1996) . Interestingly, the results further reveal that female-run firms have a higher productivity two years after the export starting date: the coefficient for this effect in the case of a female employee share bigger than 50 or 60 percent is positive and statistically different from zero. This is a remarkable result for its own sake. Independently from exporting, female-run businesses achieve higher productivity growth in the German economy, as compared to male-run firms.
Insert Table 14 here.
Insert Table 15 here.
Conclusion
Female-run firms differ from male-run firms in many aspects. One of them is that female-run businesses are less involved in exporting. This comes as a disadvantage because what is known from international trade theory is that exporters are more productive, they pay higher wages and hire more people. Inclusion of more women to international trade is put high on the current policy agenda with many efforts by the WTO, ITC, Worldbank and other institutions to empower women, to decrease barriers of trade for women and help them participate in international trade. Female participation in trade is considered to have an important impact on sustainable development and economic growth worldwide.
The present paper focusses on the relationship between exporting and productivity for femalerun businesses in Germany. For that purpose I constructed a new, tailor-made and comprehensive data set on manufacturing plants based on official firm statistics from the German Federal Statistical Office and the Offices of the Laender. The results show that female-run firms have a positive exporter-productivity premium. Female-run firms that export are about twice as productive as male-run firms. Having a higher premium indicates that female-run firms face higher costs through discrimination barriers that they have to overcome when they decide to engage in exporting. The effect is large from an economic point of view. Disentangling effects through correlation from causation, results further exhibit that this effect results from a process of selection into exporting rather than learning from exporting. It corroborates the finding that female-run firms face discrimination barriers, they have to be more productive to become an exporter, and this translates into a higher female exporter-productivity premium.
The difficulties that female firms face when they want to export and the resulting higher gender exporter-productivity premium will have an impact on the gender wage gap and gender income inequality in Germany.
The literature on the relationship between trade and productivity of female-run firms is still very scarce. Only through gathering adequate data that capture information on female exporters additional insight into the needs and disadvantages that female-run businesses face can be gained.
The results for the German economy point to important policy implications. Politics could enforce programmes to support females to engage in international trade through financial means, networks and institutional set-ups and regulations. Moreover, it could encourage females by improving cultural perception of female business activities and females' role division between work, family and children and within the society. This will also involve to improve child and family care facilities as well as flexible work conditions. These measures are likely to feed back positively on the whole economy and on society. Table displays results from a non-parametric Kolmogorov-Smirnov test for the equality of distribution across gender. The tested hypotheses are: H1: the productivity distributions of the two groups do not differ. H2: The productivity distribution of the first group is first-order stochastically dominated by the productivity distribution of the second group. H3: The productivity distribution of the second group is first-order stochastically dominated by the productivity distribution of the first group. The data are taken from the German Federal Statistical Office and the Offices of the Laender. Table displays estimates for learning from exporting. The dependent variable is the difference in the log of productivity in year t+2 and t+1. Export status is the export in t and in at least one of the years t+1 or t+2, but not in t-1 and t-2. Robust standard errors were computed. P-values are given in parentheses. Data are taken from the German Federal Statistical Office and the Offices of the Laender. Table displays estimates for learning from exporting. The dependent variable is the difference in the log of productivity in year t+2 and t+1. Export status is the export in t and in at least one of the years t+1 or t+2, but not in t-1 and t-2. Robust standard errors were computed. P-values are given in parentheses. Data are taken from the German Federal Statistical Office and the Offices of the Laender. Table displays estimates for learning from exporting. The dependent variable is the difference in the log of productivity in year t+2 and t+1. Export status is the export in t and in at least one of the years t+1 or t+2, but not in t-1 and t-2. Robust standard errors were computed. P-values are given in parentheses. Data are taken from the German Federal Statistical Office and the Offices of the Laender.
